. Thus, the PH domain tion and insulin action. It does so by activating multiple masks the activation loop site and its release is required distinct secondary signaling cascades, and considerfor PDK-1 phosphorylation. able information exists about the precise biochemical Similarly, access of PDK-1 to the activation loop of mechanisms by which PI3K mediates these events. One PKC is conformationally regulated. In this case, the augroup of enzymes that has emerged as a key mediator toinhibitory pseudosubstrate sequence of PKC must be of the PI3K signal is the AGC superfamily of serine/ removed from the substrate binding cavity in order for threonine protein kinases (so named because it includes PDK-1 to phosphorylate PKC. The phosphorylation by protein kinases A, G, and C), long known to be critical PDK-1 of PRK/PKN is also conformationally regulated: components of the signal transduction machinery. Most these kinases require interaction with the small GTPase members of this family require an activating phosphoryRho to induce a conformational change which enables lation, setting off the search for a potential upstream PDK-1 binding and phosphorylation at the activation kinase that was linked to the PI3K pathway.
reports has provided contrasting views on how phosassays of Akt/PKB by PDK-1 promoted the phosphorylation of Ser473 (in addition to the activation loop site, phorylation of this residue is controlled. Initial studies on Akt/PKB indicated that regulation of this site is both Thr308). This PIF-stimulated phosphorylation of Ser473 depended on the intrinsic catalytic activity of Akt/PKB mitogen-and PI3K-dependent, leading to the proposal that an upstream kinase, also in the PI3K pathway but (Biondi et al., 2000), making it unlikely that PIF converts PDK-1 into a PDK-2 kinase, as originally suggested. An distinct from PDK-1, was responsible for Ser473 phosphorylation. Thus, the name PDK-2 was coined for the alternative explanation is that PIF renders Ser473 more accessible to autophosphorylation. This could occur by hydrophobic site kinase. Despite extensive biochemical analyses, such an enzyme has remained refractory to displacing PDK-1 from the hydrophobic site of its target kinases, thus unblocking the autophosphorylation sites. identification. Although an integrin-linked kinase (ILK) has been shown to increase Ser473 phosphorylation in Proteins containing PIF sequences could effectively compete for binding to PDK-1, releasing it from the C transfected cells, it does so by an indirect mechanism suggesting that ILK is not the elusive PDK-2.
terminus and unmasking the hydrophobic site. Such a mechanism could explain why PKC was identified in a The mechanism of regulation of the hydrophobic site has been most clearly defined for the conventional screen for a hydrophobic site kinase for PKC␦; PKC is similar to PIF in that it has a negatively charged residue PKCs. In the case of these isozymes, phosphorylation at the activation loop by PDK-1 triggers the intramolecular at the phospho-acceptor position of its hydrophobic motif, and could thus compete for PDK-1 binding to autophosphorylation at two C-terminal sites, the turn motif and the hydrophobic motif (Behn-Krappa and PKC␦ and allow autophosphorylation (Ziegler et al., 1999). Such a model appears to describe the regulation Newton, 1999). Autophosphorylation also appears to account for the mechanism by which the hydrophobic site of PKC by PDK-1 (Figure 2 ). It is worth noting that the precise identity of the physiological "PIFs" remains to is regulated in Akt/PKB (Toker and Newton, 2000). Similar to the conventional PKCs, the phosphorylation of the be clarified, but could include kinases that contain acidic residues at their hydrophobic motifs (e.g., PRK2 and hydrophobic site of Akt/PKB depends on the intrinsic catalytic activity of Akt/PKB both in vitro and in vivo. by substrate conformation provides an attractive mechanism to allow PDK-1 to discriminate between one subset of targets over another, leading to a specific cellular response. Additional control could occur by interaction with adaptor of scaffold proteins, as suggested by findings that PDK-1 is found in a complex with many of its substrates. What is less clear is the PI3K-dependency of PDK-1 function. It now appears that the PtdIns-3,4,5-P 3 requirement for phosphorylation of Akt/PKB by PDK-1 results from effects on substrate conformation and localization. In fact, the phosphorylation of conventional PKCs is independent of PI3K, suggesting that 3Ј-phosphoinositides may be entirely dispensable for PDK-1 signaling in some cases. An additional unresolved issue is whether isoforms of PDK-1 exist. On the one hand, this may seem unlikely considering that PDK-1 null cells are devoid of Akt/PKB and p70S6-K phosphorylation. On the other, it is possible that PDK-1 isoforms might have a substrate specificity which is distinct from one another. The emergence of PDK-1 as a critical regulator of several AGC kinases has in part provided an explanation as to how PI3K can regulate so many distinct cellular processes. The challenge remains to attribute true PI3K-dependent signaling to specific PDK-1 targets.
